We investigate banking efficiency in Baltic countries over the period 2007 -2011 
Introduction
The European banking sector has gone through a number of profound changes in the last two decades.
On 1st of November 1993, the Maastricht Treaty came into force and the European Union was formally established. In the last decade of the 20th century and the beginning of the 21st century, twelve countries had gone through the transition to European Union integration. This process has rather proved to be not an easy task, as it involved policy reforms at the microeconomic and macroeconomic environment. The new member states have significant differences in their market structure compared with older member states: banking intermediation is the key source of access to financial resources, the financial intermediation is at lower levels, the banking market display higher levels of concentration and a higher degree of foreign involvement in the financial sector. (European Central Bank, 2005) .
The new European landscape created by the European Union lead to an internal market for goods, services, labor and capital. The process of European integration is not over, and the financial crisis laid bare a number of weaknesses in the institutional setup and brought the process of financial integration to a halt.
Recent crisis in the global financial system has severe effects on the banking sector from all over the world, with many too large to fail banks suffering losses and being forced to accept government bailout or to raise additional capital. Investors, depositors, and supervision agencies failed to discipline banks appropriately, and the crisis began.
We used a Data Envelopment Analysis (DEA) model for measuring banking efficiency in Baltic countries because of the advantages of if: it works well with small samples, like the one used in our research. Other advantages of this technique are that it does not require any assumptions to be made about the distribution of inefficiency and it does not require a particular functional form of the data in determining the most efficient banks. We expect that banking efficiency will not improve significantly (Thoraneenitiyan & Avkiran, 2009) due to employee's dismissal after the banking crisis.
"In autumn 2008, the world entered the worst financial crisis and the most severe economic downturn since the end of the Second World War. Since spring 2009, the financial market conditions have improved, an economic growth has resumed in most countries, albeit very moderately in many advanced economies" (Macys, 2012: 1) . There is no consensus among scholars about the post-crisis period, Latvia and Estonia have experienced decline in GDP in 2008 -2009 Latvia is the newest member of the euro zone, in particularly, the second country that adopted euro after the financial crisis started (after Estonia in 2011) and Lithuania wants to adopt the single currency in the beginning of 2015. The other four states that adopted euro after 2007, Cyprus, Malta, Slovakia and Slovenia were in ERM II before de crisis started. The Baltic States had the highest growth rates in Europe between 2000 and 2007. Estonia is among the ten most liberal economies in the world and in 2006 World Bank classified it as a high-income economy. The global economic crisis hit hard these countries, in 2009 unemployment rates rose to 13.7 in Lithuania, 17.3% in Latvia and 13.8% in Estonia. In addition, the real GDP fell by 14.8% in Lithuania, 18% in Latvia and 13.9% in Estonia in the same year. Estonia succeeded in keeping its debt levels one of the lowest in the EU, Latvia and Lithuania are in a more difficult situation.
Our study is conducted considering these issues and the impact of the financial crisis on bank efficiency. The paper will fill the gap in the literature on banking efficiency in the post-crisis in the Baltics countries. This study is divided into six parts: introduction, literature review, model specification and methodology, data and variables used, empirical results and the last part, conclusion.
Literature review
The efficiency of banks has been widely and extensively studied in the past few decades. For banks, efficiency implies improved profitability, greater amounts of funds channeled through the system, better prices and service quality for consumers, and greater safety in terms of improved capital buffers in absorbing risk (Berger et al. 1993 ). In the last years, many studies have been conducted in Europe and other parts of the world. The problem is that few researchers studied developing countries. Sanjeev, 2006 investigated that Indian Government has implemented a series of reforms in the last fifteen years, and a study was necessary to show the effect and improvement in banking efficiency. Data Envelopment Analysis was used for measuring technical efficiency of banks in Indian banking sector. The results showed that the reforms were implemented with success, and the efficiency of the banks has improved and the foreign banks have better efficiency scores than private sector and public sector banks.
De Jonghe and Vennet, 2008 used a modified Tobin's Q ratio as a measure of bank franchise value. This method is used to discriminate between the market structure and efficient-structure hypotheses in which differences in banks horizontal and vertical differentiation strategies are controlled for. The banks with better management or 137 production technologies possess a long-run competitive advantage. Banks with a large market share in a concentrated market are able to generate non-competitive rents. Even in the member states of the European Union, country-specific macroeconomic variables have a significant impact on bank performance. For the study, a set of 183 banks from 15 European countries between 1997 and 2004 is used. studied cost and profit efficiency in the banking systems of ten member states of the European Union over the period 1998 -2003 by using the stochastic frontier approach. A low level of cost and profit efficiency was observed in the sample, foreign banks outperform state-owned and private-owned banks in terms of profit efficiency, but results are less clear in the case of cost efficiency. Several steps have been made towards financial integration and towards enhancing integration in the banking systems from the ten EU member states, but many issues still remain to be tackled. Staikouras et al., 2008 lead an investigation over the new European banking landscape over the period 1998 -2005 to examine the differences between old and new member states revealed that there are significant differences. Indeed total operating expenses for the ten new member states have declined during the period, but they remain at a higher level compared to the old member states. The operational performance of banks is positively related to the quality of the loan portfolio, the bank`s size and the development of the banking system and it is negatively related to liquidity and the loan ratio.
Ncube, 2009 examined the cost and profit efficiency of banks in South Africa by using a stochastic frontier model to determine both cost and profit efficiency of four large and four small, South African-based banks. The study showed that South African banks have significantly improved their cost efficiencies between 2000 and 2005. However, efficiency gains on profitability, over the same period, have not been significant. No bank was found to be superior to another in terms of achieving efficiency gains in cost reduction and profitability. A weak positive correlation was found to exist between the cost and profit efficiencies, with the most cost efficient banks also being most profit efficient. With regard to bank size, cost efficiency declined with increasing bank size.
Uhde and Heimeshoff, 2009 used a balance sheet from banks across the EU25 over the period from 1997 to 2005 to provide empirical evidence that national banking market concentration has a negative impact on European banks financial soundness. The market concentration has a positive impact on banks ROAA capital ratios and the volatility of the ROAA. The banks from the Eastern European countries exhibits a lower level of competitive pressure and a higher percentage of government-owned banks are more prone to financial fragility. 1998 -2003 . After the progress on institutional and structural reforms, the productivity for the region has improved. The foreign banks have better results that domestic private and state-owned banks both in terms of productivity growth and efficiency. In conclusion, the productivity change in Central and Eastern countries is driven by technological change rather than efficiency change.
Andries and Cocris, 2010 used both methods, Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) was targeted on the main banks in Romania, the Czech Republic and Hungary for the period 2000-2006. The banks from these countries reach low levels of technical efficiency and cost efficiency, the main factors that influence efficiency are quality of the assets, banks size, annual inflation rate, banking reform, form of ownership and interest rate liberalization.
Fethi and Pasiouras, 2010 measured bank performance by using operational research (O.R.) and artificial intelligence techniques. Data Envelopment Analysis is one of the most widely applied O.R. technique in the field. The variables used in studies differ significantly. Some researchers start with a large list of variables and then use statistical screening or dimension reduction to obtain a reduced set of variables. Andries, 2011 used two different approaches, a parametric method, Stochastic Frontier Analysis and a non-parametric method, Data Envelopment Analysis, in central and east European countries, one researcher showed that the average efficiency of banks grew between 2004 and 2008. The results may be due to increased competition from other member states of European Union and extensive legislative changes that boosted banks efficiency. Huang et. al, 2011 uses Fourier flexible cost function with time-varying technical efficiency under the framework of the meta-frontier. The meta-cost frontier is used because of the existence of multiple technologies. The sample use data for 689 commercial banks in nine European countries, Austria, Belgium, Denmark, France, Germany, Italy, Portugal, Spain, and Switzerland. Only banks with at least three years of observed data are selected. The popular intermediation approach is used, which views banks as an intermediary between depositors and borrowers.
Andries and Capraru, 2012 studied the competition in the banking system of the EU27 as a whole, but also in both old member states and new member states was investigated using two measures of competition, the Learner Index and H-statistics for a panel of Paradi and Zhu, 2013 published at the beginning of the 2013, a survey on bank branch efficiency and performance research using DEA. The banking sector from many countries has been the object of DEA analyzed by various researchers. The papers survey 80 DEA applications in 24 countries with a specifical focus on banks branches. There is significant diversity among studies in terms of the input-output selection. The business environment is dynamic and developing more reliable DEA models will be an important topic in future bank branch studies. We want to thrown light on the efficiencies of banks in developing countries, particularly, in Baltic countries, effects of the financial crisis and in highly concentrated banking systems.
Model Specification and Methodology
Data Envelopment Analysis is a mathematical programming technique for the development of production frontiers and the measurement of efficiency relative to those frontiers. Each bank in the sample is assigned an efficiency score between zero and one, banks with higher scores are more efficient that those with lower scores. The main advantages of DEA are that it works well with small samples, as the one used in our research and ability to accommodate a multiplicity of inputs and outputs. Other advantages of this technique are that it does not require any assumptions to be made about the distribution of inefficiency and it does not require a particular functional form of the data in determining the most efficient banks. It is also useful because it takes into consideration returns to scale in calculating efficiency, allowing for the concept of increasing or decreasing efficiency based on size and output levels. DEA has drawbacks, it assumes data to be free of measurement error, and it is sensitive to outliers. Coelli et al. (2005) also point out that: (i) having few observations and many inputs and/or outputs will result in many firms appearing on the DEA frontier; (ii) treating inputs/outputs as homogenous commodities when they are heterogeneous may bias the results; (iii) not accounting for differences in the environment may give misleading results; (iv) standard DEA does not control for multi-period optimization or risk managerial decision making, Another drawback of this technique is that model specification and inclusion/exclusion of variables can affect the results (Berg, 2010) .
We had to choose from two types of DEA models: input or output oriented according to whether the focus is on input minimization while keeping a given output level or output maximization given levels of the inputs. We wanted to answer the question: By how many quantities should the inputs be reduced to give us the current levels of outputs? The second choice was the output orientation, which can answer the question: At the current level of the inputs, by how much can the output quantities be increased? (Sanjeev, 2006, p. 8) .
Following the trend of recent banking literature, we employ an input-oriented DEA approach because banks are typically under pressure to minimize cost, especially in crisis times, where outputs cannot be controlled because are normally constrained by the market demand.
There are two options for DEA models: Constant Returns-to-Scale model (CCR) was the first used historically and it was widely applied for several years. This model does not differentiate between pure "technical" inefficiencies and inefficiencies due to non-constant (increasing or decreasing) returns-to-scale effects, for example due to constraints in finance, competition, etc. The input-oriented and output-oriented scores produced are the same in this case, although other results differ.
The second type is Variable Returns-to-Scale model (VRS) which is commonly used today and allows the decomposition of the "global" efficiency (that is, the CCR efficiency) into a "local" pure technical efficiency (the score, in this model) and a scale efficiency factor. DEA is a method based on linear programming, and the method of relatively evaluating the efficiency of DMU, such as a set of firms etc. Usually, when considering the problem of efficiency, it can be expressed as (efficiency) = (output) / (input). In this formula, the efficiency becomes higher when input value is smaller, and output value is larger. However, since the influences which each input gives to each output may differ if the number of input or output increases, it may be unable to evaluate simply by the efficiency θ = (sum of Popovici, M. C. (2014) . output) / (sum of input). By DEA, the maximum of the efficiency of each DMU can be calculated by applying weight so that each parameter may become advantageous. Moreover, as a fundamental idea, accepting the property of each DMU and not limiting the optimal solution to one, it allows enhancing efficiency in the form that is best for each DMU. The CRS linear programming problem can be easily modified to account for VRS by adding the convexity constraint: 1` = 1 to provide:
Banking integration and efficiency convergence in
Where N1 is an Nx1 vector of ones.
This approach forms a convex hull on intersecting planes which envelope the data points more tightly than the CRS conical hull and thus provides technical efficiency scores which are greater than or equal to those obtained using the CRS model (Coelli, 2005) .
The input-oriented and output-oriented scores produced are not the same in this case. In our research, we use the input-oriented DEA with Variable Returns to Scale developed by Banker et. al. (1984) because allows that the production technology of banks may exhibit increasing, decreasing or constant returns to scale.
Data and Variables Used
The data source used in the analysis of bank efficiency in Baltic countries are the annual reports of banks. The sample used information regarding seven banks in three countries: Estonia (3), Latvia (5) and Lithuania (3) for the period 2007 -2011. Two banks (SwedBank and SEB) are present in all three countries.
There is currently no consensus regarding the inputs and outputs that must be used in analyzing commercial bank efficiency (Berger & Humphrey, 1997) . The five predominant approaches for defining the inputs and outputs for bank efficiency analysis are the (1) intermediation approach, (2) production approach, (3) assets approach, (4) user cost approach, and (5) value-added approach. The appropriateness of which of the five approaches to use depends on the circumstances (Tortosa-Ausina, 2002). The intermediation approach is argued to be particularly appropriate for banks where most activities consist of turning large deposits and funds purchased from other financial institutions into loans or financing and investments (Favero & Papi, 1995) . We used the intermediation approach (Sanjeev, 2006) The banking system from Estonia is highly concentrated; only four banks hold 86% of total assets: SwedBank, SEB Pank, NORDEA, and DANSKE. SwedBank is a modern bank from Sweden with branches in all Baltic countries and others states. SEB is a leading financial services group from Nordic countries. Nordea is the largest financial services group in Nordic and Baltic Sea region. DANSKE is the largest bank in Denmark and one of the leading financial groups in northern Europe. Latvia has a concentrated banking system, the top five banks held 68% of total assets: SwedBank, SEB Banka, ABLV Bank, DNB Bank and Rietumu Banka. ABLV is one of the largest private banks in the Baltic countries. DNB is the largest financial group in Norway and one of the top universal banks in Latvia. Rietumu Banka is a commercial bank and one of the largest private banks in the Baltic States. Lithuania has the same characteristics, top three banks held 54% of total assets: SEB Bankas, SwedBank and DNB Bankas. The two financial groups, SwedBank and SEB are present in all three countries.
Empirical Results
For DEA modeling, we used DEAP, version 2.1. All values are converted to millions of Euro from national currencies, except Estonia that adopted the euro. We used an input oriented DEA model because the focus was on input minimization while keeping the outputs at the same level, particularly in crisis period. This approach is used because the outputs are constrained by market demand.
In Table 1 we compute descriptive statistics for our database. We have four variables: loans and other income as outputs, and deposits and operational costs as inputs. All variables have Skewness over 0 which means that most values are concentrated on the left of the mean, with extreme values to the right. Kurtosis for all variables is under 3, we have a platykurtic distribution, flatter than a normal distribution with a wider peak. Popovici, M. C. (2014 
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In Table 2 , total factor productivity change is higher in the second period, post-crisis, indicating that, on average, banks experienced gains in total productivity after the crisis. Examining the decomposition of total factor productivity change into technological change and technical efficiency change, the predominance of the technical efficiency change is noticeable across both periods of time and suggests that the improved management of the inputs played the big role in total factor productivity change.
The Malmquist index results also identify a difference between pure efficiency change and scale efficiency change. The results suggest that some banks were operating on a scale that was not efficient in both sub-periods. This finding suggests that some banks may still be operating at sub-optimal scale, implying a case for greater concentration in banking in the three countries through mergers and acquisitions.
Conclusion
In our study, we investigate banking efficiency in Baltic countries over the period 2007 -during one of the biggest financial crisis. We use Data Envelopment Analysis (DEA) for a sample of 11 banks in a highly concentrated banking system and Malmquist Index. One of the advantages of DEA is that it works well with small samples, as the one used in our research, but Coelli et al. (2005) also point out that having few observations and many inputs and/or outputs will result in many firms appearing on the DEA frontier.
From our results, we can see a slight improvement in banking efficiency in the post-crisis period, indicating that, on average, banks experienced gains in total productivity after the crisis. Examining the decomposition of total factor productivity change into technological change and technical efficiency change, the predominance of the technical efficiency change is noticeable across both periods of time and suggests that the improved management of the inputs played the big role in total factor productivity change. The assumption that we will not see a significant improvement in efficiency due to people dismissal is invalidated.
Also, the difference between pure efficiency change and scale efficiency change suggests that some banks were operating on a scale that was not efficient in both time periods and further mergers and acquisitions are recommended.
